Abstract. The paper presents the state and importance of soil-protecting forests in the areas managed by the RDSF in Toruń, as well as changes in their structure over 29 years. The management of the RDSF in Toruń is characterized by a systematic increase in the area, thickness and rich abundance of soil-protecting forests, particularly intense since the mid-nineteen-nineties. They cover mainly rusty soils and podzols on outwash areas, sandy terraces in sloped areas of postglacial valleys and gullies as well. Soil-protecting forests, which are managed by the RDSF in Toruń, vary a great deal considering their habitat, both in terms of dampness and trophic richness as well as spatially. The dominance of coniferous forests is due to the fact that they grow in the poorest habitats, which have not been previously used for agricultural purposes, and to the common practice in recent years of pine reforestation in open stromal areas. The assessment of the state of habitats indicates that 66.2% of the soil-protecting forest area is characterized as natural and close-to-natural. Distorted or transformed habitats occupy 26.2% of the soil-protecting forest area, while the degraded habitats 7.6%. Taking the study area into consideration we can observe the relationship between the incompatibility of habitat in its natural form and the post-arable feature. Changes in habitat characteristics are shown by 75.5% of the area of the soil-protecting forest located on former farmland, mainly in the areas with rusty podzolic soils (Albic Brunic Arenosols). Incompatibility of the habitats is, among others, the result of the creation in recent years, during the afforestation of agricultural lands, of solid pine stands, also in fertile habitats. Secondary planted pine monocultures in the forest areas resulted in podzolization of rusty soils and transformed them into rusty podzolic soils.
Introduction
The perception of the role of the forest in the environment and human life has been changing with the development of civilization. In some countries, its protective function started to be noticed very early. For example, in France as early as 1520, a special decree introduced a ban on grubbing-up forests located less than six miles from the River Seine and its tributaries. Napoleonic legislation forbade deforestation on slopes and mountain peaks (Nowakowska 2008) . A clear separation of the three groups of forStructure and importance of soil-protecting forests in the areas administered by the RDSF Toruń Key words soil-protecting forest, forest structure, soil protection, RDSF Toruń est functions -productive, economic and protective -occurred in the 1930s (Klocek 2003) . In Poland, the inclusion of non-production activities in forestry found formal expression, for the first time, in the principles of forest management in the National Forest Holding, issued by the Ministry of Forestry in 1955 (Zajączkowski 2003 . Two years later, the division into commercial forests (group II) and protective (group I) appeared, for the first time in the history of Polish forestry, in the Forest Management Manual (1957) .
The Forests Act (1991), which came into force in 1992, was a sign of change in the state's approach to forests and allowed the purposes of forestry to be extended and unified, regardless of the ownership of the forests (Klocek 1999; Geszprych 2009 ). The Act enabled recognition for protection, among others, of forests that protect the soil from washing or erosion and restrain landslides, rock falls or avalanches. Soil protection has also been included in the National Forest Policy (1997) .
The aim of the study is to assess the status and importance of forests legally recognized as soil-protecting, in areas managed by the Regional Directorate of State Forests (RDSF) in Toruń, as well as the changes that occurred in their structure in the years 1985-2013.
Material and Methods
In order to identify and recognize the status and importance of soil-protecting forests, within the study area a spatial analysis was conducted, using data provided by the RDSF in Toruń, the database of the Information System of National Forests, information layers of digital maps made using ArcGIS software (v.9.3), as well as the development of components and evaluation reports on the soil and habitat of forest superintendence. Species composition was evaluated as well as the age structure of forests, habitat types and the condition of forest habitats, as well as kinds and types of soil, and the participation of former farmland in the soil-protecting forest. In order to determine the ability of forests to perform functions assigned to them in accordance with the theoretical basis for assessing the sustainability of the forest as a natural system, proposed by Miś (2007) , the relationship between the state of selected aspects of soil-protecting forests was analysed: the age of the forests and their growing stock and abundance as well as the difference between the type and condition of habitats and the share of a particular type of tree. The Pearson correlation r coefficient was computed between soil-protecting forest site types and the main tree species in the RDSF in Toruń.
Based on the results of updates on the forest area and forest resources in the State Forests, made by the Bureau of Forest Management and Geodesy, the change in the structure and growing stock of the surface of soil-protecting forests over the period 1985-2013 was determined. In the analysis, the organizational transformation of National Forests related to the change of the political system and the entry into force of the Forest Act was included.
Results and Discussion
In the years 1985-2013 the area of forests administered by the RDSF in Toruń increased from 407.1 thousand ha to 421.5 thousand ha (Państwowe Gospodarstwo Leśne… 2014) . The decrease in the area of forest land which performs a productive function was accompanied by a systematic increase in the importance of forests with dominant protective functions. Against the background of all regional directorates, the RDSF in Toruń has the highest increase in the area of soil-protecting forest ( Fig. 1) , particularly intense since the second half of the 1990s. During the period considered, in the RDSF in Toruń, the largest in The State Forests National Forest Holding scale, a 20-fold increase in thickness and a 55% increase in the average growing stock of the soil-protecting forests, were recorded (Figs 2 and 3) .
The largest soil-protecting forest complexes are located in the central, northern and south-eastern part of the study area (Fig. 4) , on the outwash areas and sandy terraces endangered by wind erosion as well as on mountainsides highly exposed to water erosion such as Toruń-Eberswalde ice-marginal valley and the Valley of the Lower Vistula. More than 80% of their area is located within the boundaries of forest inspectorates covering the areas extending along the Central Noteć Valley, Toruń and Płock Basins, Fordon Valley and Grudziądz Valley (Figs 5 and 6). The share of soil-protecting forests in the total forest area of each of the forest inspectorates varies greatly. In most cases, this is less than 5%, ranging from 0.1% in the Tuchola Forest Inspectorate to 68.7% in the Gniewkowo Forest Inspectorate (Fig. 7) .
The data analysis of the derived forest layers of digital maps, relating to particular habitat precipitates, shows that the land on which the soil-protecting forests were designated is characterized by a great diversity of soil conditions. The greatest per-centage is taken by the areas with rusty podzolic soils (Albic Brunic Arenosols), proper podzol (Entic Podzols) and proper rusty soils (Brunic Arenosols). Among the soil types, sands, which are prone to stripping and leaching, are predominant: eolian (partly dune formations), river Pleistocene terraces and fluvioglacial, occupying a total of 84.7% of land area under soil-protecting forests (Table 1) . The results of studies on the effectiveness of soil-protecting forest in counteracting the negative effects of erosion and soil degradation in moraine areas of lake districts are shown in previous works of the co-author (Wiśniewski 2012; Wiśniewski, Wojtasik 2012 . Soil-protecting forests, which are managed by the RDSF in Toruń, vary a great deal considering their habitat, both in terms of dampness and trophic richness (trophic) as well as spatial. The greatest share is occupied by coniferous forests, 28.9% of the soil-protecting forest area, and mixed forests (28%). Slightly smaller areas are occupied by forest site type (21.6%) and mixed coniferous forests (20.4%). The lowest share (1.1%) is taken by riparian forests. The dominance of coniferous forests is due to the fact that they grow in the poorest habitats, which have not been previously used for agricultural purposes and to the common practice in recent years of pine reforestation in open stromal areas (Wysocki, Sikorski 2009). In terms of dampness, the largest share is taken by the fresh habitats, which totally occupy 95% of the soil-protecting forest area. Wetland habitats are represented mainly by moist forest, associated with a rather shallow level of groundwater or a strong influence of periodic stagnant rainwater. Among the marshland habitats, the largest areas are occupied by marsh forest associated with cavities and depressions of terrain, marshy valleys of watercourses and lake basins, as well as marshy riparian forest, characteristic of floodplains, natural levees of smaller watercourses and banks of lake basins (Dyrekcja Generalna… 2004). Extremely poor and dry habitat is occupied by dry coniferous forests with a very deep level of ground waters, characterized by pine trees and shrubs or grass-andmossy undergrowth.
A proper adaptation of the local forest vegetation to the local habitat conditions has an impact on the soil-forming processes and the effectiveness of the protective role of the forest. Inappropriate composition of vegetation may contribute to degradation changes, in particular a decrease in biological activity, leaching of nutrients and soil acidification (Jakubowski 1994). Based on the assessment of the relationship between the state of the selected aspects of soil-protecting forests, their relative stability was ascertained. The assessment of the state of habitats indicates that 66.2% of the soil-protecting forest area is characterized as natural and close-to-natural, displaying the maintenance of ecological balance. Properties of the upper soil layers, type of humus, trees and undergrowth are, in such cases, unchanged and in accordance with the natural habitat conditions. Distorted or transformed habitats occupy 26.2% of the soil-protecting forest area, while the degraded habitats -7.6%. They are characterized by unfavourable artificial changes, decreased fertility, poorer properties of the upper layers of the soil and changes in plant communities.
Taking the study area into consideration we can observe the relationship between the incompatibility of habitat in its natural form and the post-arable feature, which is characteristic for almost 14 thousand ha (27.4%) occupied by the soil-protecting forests. Changes in habitat characteristics are shown by 75.5% of the area of the soil-protecting forest located on former farmland. In the case of land having no features of post-agricultural activities, the share reaches 18.1%. Post arable habitats are often characterized by (especially in the first generation of the forest) plow sole, preserved in the soil, improperly shaped organic level, elevated pH indicator, unsettled quantitative ratio of minerals and the lack of developed symbiotic systems (Państ-wowe Gospodarstwo Leśne… 2003). Incompatibility of the habitats is, among others, the result of the creation in recent years, during the afforestation of agricultural lands, of solid pine stands, also in fertile habitats. An analysis of the species composition of soil-protecting forests on former farmland within the Directorate of Toruń shows that the current productivity of these habitats is often reduced by one or two types of habitat in relation to the potential productivity. In accordance with the afforestation of post-agricultural lands species composition approximated that given in principles of silviculture (Państwowe Gospodarstwo Leśne… 2012). In the Baltic and Wielkopolska-Pomerania Natural-Forest Regions, pine can be the dominant species in, inter alia, dry coniferous forests, fresh coniferous forests and fresh mixed coniferous forests. Meanwhile, in the RDSF in Toruń it is also the dominant species in the fresh mixed forests and fresh forests. As pointed out by Puchniarski (2000) it is the result, since the beginning of the 1990s, of ongoing uncoordinated afforestation, which is not related to local zoning plans. Bednarek et al. (2009) and Świtoniak et al. (2014) , assessing anthropogenic transformation of soil cover in the chosen types of the young glacial relief, suggest that secondary planted pine monocultures in the forest areas resulted in podzolization of rusty soils and transformed them into rusty podzolic soils (Albic Brunic Arenosols). In the RDSF in Toruń it is a frequent phenomenon so proper rusty soils (Brunic Arenosols) without podzolization features occupy only 10.7% of land area under soil-protecting forests, which is shown in detail in previous work of the author (Wiśniewski 2012).
The RDSF in Toruń is characterized by a high share of pine and larch in the surface structure of dominant species in Poland, which is 86.8% (Państ-wowe Gospodarstwo Leśne... 2014). In the case of soil-protecting forests, the share of coniferous species, represented almost exclusively by scots pine, is slightly lower, 75%. The spatial distribution of species in stands of the Toruń Directorate of State Forests is varied. Forest inspectorates located in the northern and central parts of the study area, on sandur plains and sandy terraces, have a clear dominance of coniferous stands. In the Forest Inspectorates Solec Kujawski and Bydgoszcz, located within the borders of the eolian-transformed Toruń Basin, the share of pine in the species structure of soil-protecting forests is over 99%. Areas located in the eastern, western and southern parts of the RDSF in Toruń are characterized, however, by a higher proportion of deciduous species. In the Brodnica Forest Inspectorate deciduous stands occupy 97.9% of the soil-protecting forest area, of which 55.5% is beech, and 41.7% is oak tree. A high proportion of deciduous species in the soil-protecting forests is also characteristic for Forest Inspectorates Cierpiszewo (94.4%) and Rytel (81.1%). Statistical analysis covering the main tree species and forest types of habitats showed that in the soil-protecting forests, there are clear positive correlations, in particular between the share of the surface of coniferous forests and Scots pine as well as birch, mixed forests, oak, beech, and black alder, as well as riparian forests and elm and alder ( Table 2) . The analysis did not show a clear negative correlation between these elements of soil-protecting forests. The average age of stands of the RDSF in Toruń is 62 years and is identical to the national average (Państwowe Gospodarstwo Leśne... 2014). Compared with the State Forest average Toruń administration is characterized by a slightly higher share of stands V and older age classes (over 80 years), which covers 27.8% of the forest area. Considering only the soil-protecting forests, the average age of stands is lower, which is 58 years. The analysis of the surface structure by age class shows that medium stands (classes III and IV) have the highest share. The youngest stands (up to 40 years of age) occupy a total of 25.2%, while the oldest (V and older age classes) 32.7% of the soil-protecting forest area. The average age of stands is lowest in the forest inspectorates located in the southern part of the RDSF in Toruń, while the highest is in its northern part (Fig. 8) , and ranges from 48 to 72 years. Among the various species, the highest average age is exhibited by hornbeam -81 years; lime -74 years; and oak -64 years. The average age of pine stands, which have the greatest impact on the average age of the soil-protecting forests, is 60 years. Among the youngest species are elm -36 years; larch -37 years; and beech -39 years.
Conclusions
1. The RDSF in Toruń has the largest area in the country of soil-protecting forest and the highest percentage share in the general forest resources. 2. The systematic increase in the area, growing stock and abundance of soil-protecting forest over the period of 29 years demonstrates the implementation of the concept of the multifunctional model of the forest by the State Forests National Forest Holding, with particular emphasis on its ecological role, whose main element is the protection of soils. 3. Secondary planted pine monocultures in the post-agricultural areas resulted in podzolization of rusty soils and transformed them into rusty podzolic soils (Albic Brunic Arenosols), which occupy over 51% of land area under soil-protecting forests in the areas administered by the RDSF Toruń. 4. In order to enhance soil-protecting functions of the forest, one should eliminate errors occurring in the past during the afforestation of post-agricultural lands, associated with inadequate matching of tree species to habitat conditions.
